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Supplementary Discussions
Evaluating growth phenotypes associated with the exo-alpha-sialidase activity in the gut microbiome Genome-scale network reconstructions combine detailed biochemical and physiological information, providing new insights into the metabolism for subsequent manipulation strategies to enhance productivity or to control the metabolism 1 . The scope of these models encompasses the characterization of the metabolic behavior of target microorganisms. Here, we evaluated the growth phenotypes associated with the sialidase activity (EC: 3.2.1.18) in microorganisms of the human gut microbiome. We identified microorganisms containing sialidase activity and simulated changes in the growth rate among different taxonomic groups.
Out of 773 metabolic models available for microorganism in the gut microbiome 2 ( Supplementary Figure 5a) we identified 17 microorganism containing putative sialidase activity ( Supplementary Figure 5b) . Most of the identified organisms fall into the taxonomic group of Bacteroidetes. Phenotypes regarding growth rate showed that microorganism carrying sialidase activity can growth around 0.1-0.51 1/h, being Bacteroidetes the most efficient growing microorganisms with an average growth rate of 4.8±0.35 1/h. Modeling predictions show that six out of seven Bacteroidetes can reshape their growth rate depending on the sialidase activity. The maximum change in the growth rate is 11±2% of the wild type growth rate. The growth change due to sialidase activity is shown in shaded red in Supplementary Figure 5c .
Sialidases substrate preference
To the best of our knowledge, no previously characterized exo-sialidases have been shown to prefer Neu5Gc over Neu5Ac. A single report has shown that a sialidase from the oyster species Crassostrea virginica cleaves the very rare glycan structure Neu5Gcα2,5-O(glycolyl)Neu5Gc more efficiently than Neu5Acα2-8Neu5Ac. Because the authors did not compare enzyme substrate preference using a glycan structure with same terminal linkage but differing in Neu5Gc vs Neu5Ac, it cannot be concluded that the oyster sialidases actually prefers Neu5Gc-containing substrates 3 . Similarly, the sialyltransferase from the pathogenic bacteria Pasteurella multocida 4 has been shown to cleaves Neu5Gc more efficiently than Neu5Ac, however, no assay was performed in order to evaluate preferential cleavage. In fact, previous studies revealed that many bacterial species such as Arthrobacter ureafaciens, Clostridium perfringens, Streptococcus sp., Salmonella typhimurium, Streptococcus pneumonia, Ruminococcus gnavus and Vibrio cholera express sialidases that hydrolyse Neu5Ac-terminated glycans more efficiently than Neu5Gc-terminated glycans [4] [5] [6] , a substrate preference that is also shared by the murine sialidases Neu1, Neu2 and Neu4 4 .
Comparison between sialidase26 and existing sialidases structures
The sialidase26 identified in this study was compared with published sialidase structures. Despite this novel substrate preference, sequence residues that are predicted to interact with terminal Sias in the catalytic site are highly also fully conserved with structurally studied sialidases exhibiting no known Neu5Gc preference over Neu5Ac, including those from B. caccae (PDB 4Q6K), B. thetaiotamicron 7 , and P. distasonis (PDB 4FJ6). Other known sialidases with very low sequence identity (<30%) nevertheless shared 50-75% identity with residues predicted to interact with sialic acid, including NanA and NanB from S. pneumoniae 8-10 NanI from C. perfringens 11 , an ITsialidase from R. gnavus 6 , and a trans-sialidase from M. decora, but suggest no clear sequence motif or mutation causing Neu5Gc preference.
Supplementary Figure 1 : Proposed scheme for the incorporation of bound-Neu5Gc. In absence of sialidases, Neu5Gc is incorporated into human tissue triggering xenosialitis. In the presence of bacterial sialidases, Neu5Gc is released from red meat glycoproteins and metabolized by bacteria or excreted in the urine. Supplementary Figure 4 : OTUs taxonomic relative abundance at genus level. 16S rRNA gene amplicon sequencing was performed for Cmah -/mice fed soy, PSM, and EBN diets. Bacteria genus with relative abundance below than 1% were not considered for differential abundance analysis. Relative abundance is log2 transformed. Columns are coloured label according with diet (red -PSM, blue -EBN, and green -SOY). Hierarchical clustering using Euclidian distance were applied to both row and column as indicated for the phylogenetic trees. While most bacterial genomes contain only one sialidase, we identified hundreds of examples of bacterial genomes with multiple sialidases in PATRIC 7 . b. Evaluation of contamination, strain heterogeneity, and completeness's of all 51 bins retrieve from the shotgun metagenome. The presence of multiple sialidases per genome is likely to be a result of bacterial strains or close related species co-assembling. Although, we have dramatically improved our ability to correctly assemble genomes from complex microbial communities, the distinction between genomes from different strains still challenge. Evaluating the 51 bins assembled from our shotgun metagenome, the bin13, containing the 5 sialidase genes characterized here, has shown one of the highest strain heterogeneity (36.36%) amongst all the bins.
Supplementary Figure 9 : Sialidase26 sequence alignment. Alignment between the amino acid sequence obtained from the metagenomics data (de novo genome assembling) and the amino acid sequence obtained from the PCR amplified gene (Sanger sequencing). For PCR, DNA extracted from mouse fecal samples were used as template.
Supplementary Figure 10 : Sialidases substrate preference. To the best of our knowledge, no previously characterized exo-sialidases have been shown to prefer Neu5Gc over Neu5Ac. A single report has shown that a sialidase from the oyster species Crassostrea virginica cleaves the very rare glycan structure Neu5Gcα2,5-O(glycolyl)Neu5Gc more efficiently than Neu5Acα2-8Neu5Ac. Because the authors did not compare enzyme substrate preference using a glycan structure with same terminal linkage but differing in Neu5Gc vs Neu5Ac, it cannot be concluded that the oyster sialidases actually prefers Neu5Gc-containing substrates 3 . Similarly, the sialyltransferase from the pathogenic bacteria Pasteurella multocida 4 has been shown to cleaves Neu5Gc more efficiently than Neu5Ac, however, no assay was performed in order to evaluate preferential cleavage. In fact, previous studies revealed that many bacterial species such as Arthrobacter ureafaciens, Clostridium perfringens, Streptococcus sp., Salmonella typhimurium, Streptococcus pneumonia, Ruminococcus gnavus and Vibrio cholera express sialidases that hydrolyse Neu5Ac-terminated glycans more efficiently than Neu5Gc-terminated glycans 4-6 , a substrate preference that is also shared by the murine sialidases Neu1, Neu2 and 
